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During labour, the fetus runs an increased risk of developing hypoxaemia, because
uterine contractions reduce utero-placental blood flow, thereby decreasing ttre
blood gas transfer between the maternal and fetal circulation. At present, the only
reasonable way of obtaining information on fetal arterial blood pH and gas values is
via the microvasculature of the presenting part, usually the fetal scalp. As long as
scalp blood flow remains undisturbed, the peripheral pH and blood gas values will
provide a reasonable reflection of the carotid arterial values. But if scalp blood flow
is diminished, local skin metabolism will cause a steadily increasing difference
between the peripheral and carotid arterial values.
So far, the question as to what happens to the fetal scalp blood flow during labour,
has not been answered satisfactori ly. To this end, we developed a laser Doppler
system for the continuous transcutaneous measurement of skin blood flow, which
can be easily applied to the fetal scalp during labour. This system has been used to
study the changes in fetal scalp blood flow during the course of labour and to
investigate the causes and effects of these changes in the human fetus and the fetal
lamb.
The laser Doppler technique proved to be a valuable new method for the
measurement of fetal scalp blood flow during labour. This technique uses the
Doppler shift of monochromatic light which results from scattering by moving red
blood cells, to determine a laser Doppler flow (LDF) index . The use of optical fibres
to carry the light to and from the skin allows the construction of very small sensors.
The optical fibres can even be incorporated into sensors for measuring other
quantities, as was done in chapters 7 and 8 with the electrode for the transcutaneous
measurement of Po2. Using cyanoacrylate adhesive, the sensors were glued to the
thoroughly cleaned scalp. The only damage caused by removing the sensor with a
scalpel, comprised the loss of some hair, a mild hyperaemia and light excoriation.
Prolonged illumination of the scalp as well as the removal of the sensor from the skin,
never caused appreciable tissue injury.
The laser Doppler flowmeter, which was developed and constructed at our
department, was tested in several laboratory experiments. When the red blood cell
velocity was varied between 0.2 and 5.0 mm/s, the LDF index showed a l inear
relationship with the red blood cell flow in a model consisting of 15 small transparent
tubes with a diameter of 100 prm embedded in opaque material. A study on the effect
of hyperventilation on the forehead skin blood flow in 13 healthy adult subjects
showed pronounced periodic oscillations in the scalp blood flow with a cycle
frequency of approximately 8.5 per min. During voluntary hyperventilation, we
observed a threefold increase in the relative amplitude from 13 to 36'/" and an
increase in the mean incidence of the periodic oscillations in the forehead skin blood
flow from 68 to 96"h. This observation, depicting vasomotion, has been included in
this thesis to illustrate the proper functioning of our instrument (chapter 2).
The microvascular architecture of the scalp of two human fetuses at term was studied
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to gain more insight into the contribution of the various parts of the microvascular
bed of the fetal scalp to the signals produced by the laser Doppler systems and the
sensors for transcutaneous and subcutaneous measurement of blood gas values
(chapter 3). The depth distribution of microvessels showed a peak of 1.2 capillary
cross-sections l10a pm2 in the superficial 200 p,m of the dermis. The papillary
structures as well as the superficial capillary clews normally present in the adult skin
are not yet developed. As the sensors used for the transcutaneous measurement of
blood gas values and the laser Doppler blood flow sensors are most sensitive to the
blood in the very superficial layers, it is concluded that their signals are derived from
approximately the same microvessels. The capil lary density dropped to 0.2 cross-
sections lI}a p,m2 in the mid-dermis, while the arterioles and venules showed a small
peak in the mid-dermis and the deeper dermal layers. A relatively high capil lary
density of approximately 1 .6 cross-section s l10a pm2 was found in the subcutaneous
tissue. This observation together with the low metabolic rate in the subcutis, are the
most likely reasons for the success of subcutaneous Po2 monitoring with a miniature
needle-electrode, as was published previously.
The fetal scalp blood flow recorded with the laser Doppler method in 15 human
fetuses, showed a pronounced decrease during the course oflabour, to as low as 187o
of the initial value and in seven recordings with a fall of more than 50% of the initial
value in the first stage of labour. Of all the uterine contractions recorded, 57o/" were
accompanied by a transient decrease in blood flow, often as much as 40-50%. Caput
succedaneum formation was associated with a more pronounced transient decrease
in local blood flow during contractions. It is concluded that there is a considerable
drop in LDF during the course of labour as well as during contractions which is likely
to influence the blood gas values measured transcutaneo usly (chapter 4) .
The intrapartum decrease in scalp blood flow might be induced by hormonal, neural
and systemic circulatory factors. In previous studies, a considerable reduction of
carcass blood flow, as recorded by the microsphere technique, was observed during
hypoxaemia in the fetal lamb. As the carcass includes skin tissue, hypoxaemia might
give rise to a decrease in scalp blood flow. The present laser Doppler study,
however, revealed only minor changes in fetal scalp blood flow during moderate
hypoxaemia (chapter 5). The scalp blood flow rate decreased by 6.9% when the
arterial oxygen saturation of the lamb was reduced from 52 to 21"/" in nine
experiments on four fetal lambs. The same reduction in oxygen saturation in a
microcirculatory model caused a 4.8"/" decrease of the LDF index, while the blood
flow rate remained constant. This LDF decrease is the result of the enhanced red
blood cell absorptivity during hypoxaemia. The remaining decrease of 2.3"/"
indicates that scalp blood flow is relatively indifferent to moderate hypoxaemia.
During labour, considerable forces are exerted on the fetal scalp and it seems likely
that they affect the scalp blood flow. The fetal head is pressed into the birth canal
resulting in an increased contact pressure on the surface of the fetal scalp, with an
approximately circular symmetry around the axis of the birth canal. This circular
scalp pressure can reach values of up to 3-4 times the intra-uterine pressure and is a
serious threat to the scalp blood flow in the encircled scalp urea. Fo. studying this
phenomenon, a catheter was developed to record the circular scalp pressure (CSP)
profile along the birth canal. Local pressure (LP) exerted directly on the LDF sensor
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can induce a similar decrease in scalp blood flow and was recorded with a specially
developed pressure measuring system in 19 human fetuses during labour. The
circular scalp pressure was recorded in three of these fetuses in addition to the
pressure on the sensor itself. The LP showed values of up to 228 mmHg, while the
maximal CSP (CSPmax) values of the pressure profi le along the birth canal reached
values of up to 600 mmHg. In approximately half of the recordings, the relationships
between LP or CSPmax and scalp blood flow coulcl be approximated by exponential
curves: with increasing pressure, the slope of the LDF-pressure relationship becamc
steadily less. The relationship between the scalp blood flow value and LP was not
consistent during the course of labour. The relationship between scalp blood flow
and CSPmax, however, showed a highly significant correlation in all recordings. It is
concluded that circular pressure on the fetal head has a pronounced influence on the
fetal scalp blood flow, while the influence of LP and hormonal, neural or systemic
circulatory factors seem to be of minor importance (chapter 6).
The effect of changes in fetal scalp blood flow on Po2 measured transcutaneously
(tcPo2) during labour, was investigated in 14 human fetuses. Scalp blood flow and
tcPo2 showed a decrease in one third of the fetuses towards the end of the first stage
of labour and in two thirds towards birth, with a magnitude of 38% for the blood flow
and 13 mmlJg for the tcPo2 signal. The scatter diagram of tcPo2 versus scalp blood
flow could be approximated by a hyperbolic curve. At high flow levels tcPo2 was
found to be independent of the flow rate and to give a reasonable reflection of the
arterial Po2 value, whereas at lower flow levels tcPo2 became highly dependent on
the blood flow rate. The latter situation prevailed in most of the fetuses as labour
progressed. An inverse relationship was observed between LDF and tcPo2 in two
fetuses in the parts of the recordings which coincided with repetit ive severe variable
decelerations in the FHR tracing, suggesting a compensatory increase in the scalp
blood flow during hypoxaemia. It is concluded that the Poz measured
transcutaneously is a questionable parameter for monitoring the fetal carotid arterial
Po2 during labour (chapterT).
The relationship between the scalp blood flow and the tcPo2 as well as between the
scalp blood flow and the Pco2 measured transcutaneously (tcPco2) were further
investigated in eight experiments on four healthy lambs in the first few weeks after
birth. The scalp blood flow was varied by applying a rubber ring at various pressures
to the scalp surrounding the sensors. A decrease in the laser Doppler f low index was
associated with a decrease in tcPo2 and an increase in tcPcol, which was more
pronounced when the scalp blood flow rate was low. The relationships between scalp
blood flow and transcutaneous blood gas values are described by means of
hyperbolic curves. During heat-induced hyperaemia, the major part of these curves
showed that the transcutaneous blood gas values were influenced by changes in the
blood flow rate. In this respect there was no appreciable difference between the
tcPo2 and the tcPco2 values. Both quantit ies are easily influenced by a decrease in the
blood flow rate and can only be used for monitoring the arterial values when the
blood flow rate is sufficiently high (chapter 8).
